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Abstract 
Bit-patterned media are being considered as a promising approach for achieving multi-terabit per inch recording densities. The 
effects of different recording density of bit-patterned media of mechanical surface loading on deformation of elastic-plastic 
multi-layers are analyzed by using the finite element method. The thermal protrusion of a thermal flying height control (TFC) 
slider and the wave surface of an elastic-plastic thin film are chosen to perform a contact analysis at the head-disk interface (HDI). 
A two dimensional finite element model between head and patterned media is then developed. Two patterned media cases are 
investigated and presented in this paper. The evolution of deformation in multi-layer media due to mechanical surface loading is 
presented by maximum von Mises stress and contact pressure. 
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1. Introduction 
Bit-patterned media (BPM) has attracted considerable interest as future high-density magnetic recording media 
since they provide a promising technology to postpone the problem of superparamagnetic limit, in which magnetic 
nanoarrays are fabricated and where each “island” in the array forms a separate recording magnetic bit [1]-[4]. At 
the same time, the increasing recording density of magnetic disk drives requires further reduction of the spacing 
between the magnetic head and magnetic media. With a small magnetic spacing, the contacts between disks and 
sliders will be inevitable. 
The contact induced interface failure is one of the leading causes of the hard disk drive failure. The bit-patterned 
media tends to increase the surface roughness/waviness. High areal recording densities respond small dot pitch of 
BPM [5]. Such increased roughness and waviness increases the chance of undesirable head-disk contact, head crash, 
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surface wear, and wear induced-interface failure [6]. Also, such contacts inducing stress-strain inside the bit-
patterned media can result in interface failure and data loss. Specially, for the thermal flying height control (TFC) 
slider where the head elements are closest to media during operation, the slider/disk contact will impact the head 
elements directly. Hence, a detailed knowledge of the contact stress at asperity contacts of such patterned media 
based head-disk interface is essential. 
Kral et al. [7] analyzed the repeated indentation of an elastic-plastic half-space by a rigid sphere and presented 
the finite element results showing the variation of the contact pressure and plastic deformation in the subsurface 
with the number of loading cycles and the likelihood for the material to reach a steady-state elastic behavior. King 
[8] analyzed the indentation of elastic layered media and obtained a relation for the effective elastic modulus in 
terms of the layer thickness and elastic properties of the layer and substrate materials. Komvopoulos [9, 10] 
performed the finite element analyses of normal contact on the elastic and elastic-plastic layered media and analyzed 
the contact pressure distribution of multi-layered media. The influence of interactions between neighboring 
asperities on the resulting contact deformation has been demonstrated by Berthe and Vergne [11] and Komvopoulos 
and Choi [12]. Gong and Komvopoulos [13] performed a plane-strain finite element analyses to study the effect of 
surface geometry on contact deformation of elastic-plastic layered media and contact pressure distribution, surface 
tensile stress are presented. Yeo and Polycarpou also used finite element analysis to study elastic contact behavior of 
patterned media [14]. Furthermore, they have performed a parametric study to improve the contact and wear 
performance of discrete track recording media [15]. 
The previous studies have provided useful insight into the contact stress and strain fields of elastic-plastic layered 
media and the role of surface geometry on contact deformation of two typical bit-patterned cases: the bit protrusion 
case and bit recession case. However, the effect of the different recording density (pitch size) of bit-patterned media 
for contact stress and strain distribution and the elastic-plastic deformation of such multi-layered bit-patterned media, 
has not been analyzed yet.  
An elastic-plastic contact analysis for the multi-layered bit-patterned media is presented in this work. The 
numerical analysis is based on the finite element analysis method. The major surface condition changes of bit-
patterned media after surface planarization are classified into two cases, the large density case (the small pitch case) 
and the small density case (the large pitch case). The relationship between the contact pressure and indenting depths 
are obtained for the above mentioned two pitch cases. 
2. Modeling Procedure  
A schematic for the slider/patterned media interface is shown in Fig. 1. The patterned disk is modeled as elastic-
plastic multi-layered structure. The overall mechanical properties of different layers are same as what used by other 
researchers for continuous media [14], except the properties of the fill-in material. The continuous magnetic layer is 
etched to magnetic bits and the etched out area is filled with the material such as SiO2, planarized and covered by 
carbon overcoat. The etch depth is assumed to be at magnetic layer only, for the convenience of analysis. The 
thickness of carbon overcoat and magnetic layer is chosen to be 1 nm and 16 nm, respectively [16, 17]. The material 
properties used in this modelling work are listed in Table 1 [18]. 
Different areal recording densities correspond different pitch of bit-patterned media. As a result, two cases of 
recording densities are considered, “0.5 Tb/in2” and “2 Tb/in2”. Such situation is modeled as “the large pitch case” 
and “the small pitch case”, respectively. For the large pitch case, the size of pitch is 36 nm, and the dot size is 18 nm. 
For the small pitch case, the size of pitch is 18 nm, and the dot size is 9 nm. Besides, the mechanical properties of 
the magnetic bit area and the fill-in area are different. Therefore, the two areas may not be of the exact same height. 
In this paper, only the bit protrusion case is considered [19]. The magnetic bit area is the protruded area and the 
filled non-magnetic area is the recess area. As a first order approximation, such a surface of protrusion-recession is 
approximated by a sinusoidal curve. 
The thermally actuated flying height control (TFC) slider is used for this analysis. The contact area on slider 
surface is limited to the thermally protruded area only. It is assumed that such a protruded area of the slider body 
moves towards disk surface and causes a stress distribution inside the patterned media. The thermally protruded area 
of the slider is assumed to be a rigid cylinder of 10 µm. 
The commercial software ANSYS 11.0 was used to solve the non-linear contact problem. Fig. 2 shows the two-
dimensional finite element models of patterned media head-disk system. The possible contact area of the thermally 
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protruded slider is approximated by a sphere surface. Due to symmetry, only one-half of such spherical contact area 
and layered medium were modeled, in order to reduce the computation time. The slider body is of significantly 
higher hardness and stiffness. Therefore, the slider is assumed to be rigid. Each layer of the finite element mesh is 
modeled as elastic-plastic material having elastic modulus and yield strength equal to those of its bulky value. Based 
on the usual plane strain assumption, patterned media were discrete by PLANE 82 elements. The region of adjacent 
to the contact interface is of the greatest concentration of elements. Away from the contact region, the mesh 
becomes coarser to minimize the computational time. The contact elements used in this modeling work those two-
dimensional three node surface-to-surface contact elements (CONTA 172 and TARGET 169 in ANSYS). The 
bilinear isotropic hardening option in the ANSYS program is chosen to account the elastic-plastic material response 
for this modeling. The rate-independent plasticity algorithm incorporates the von Mises criterion and the isotropic 
strain hardening behavior is used for the analysis. The von Mises criterion defines the yielding of the material. 
Totally, 24286 and 33095 elements and 72240 and 98281 nodes are used in the analysis. 
The nodes at the bottom boundary of the mesh are constrained against the displacement in the y-direction and the 
nodes at the vertical boundaries of the mesh are constrained against the displacement in the x-direction. The finite 
element model is validated for mesh and step convergence by varying the number of elements and step sizes. The 
maximum number of sub-steps in computation is 1000 for very large interference. The load force is applied to the 
rigid slider body and the simulation is performed by calculating the resulting displacement. 
 
 
 
 
 
Fig. 1. Schematic illustration of slider-patterned media interface. 
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(a) 
 
 
  
(b) 
Fig. 2. Finite element mesh of layered patterned medium with the protrusion/ recession approximated by a sinusoidal surface (a) the small pitch 
case and (b) the large pitch case. 
 
 
TABLE I MECHANICAL PROPERTIES OF VARIOUS LAYERS 
Materials Elastic modulus (MPa) 
Yield strength (MPa)    Poisson’s ratio 
 
Carbon          168000                               13000                     0.24        
Magnetic       150000                               3400                       0.3 
Fill-in             83000                                4300                       0.23 
IL                   135000                              3900                        0.3 
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3. Results and Discussion 
In this work, only results of the worst case that the contact between the protruded asperity and the slider are 
presented. The relationship between the contact force (load) and indenting depths (displacement) of the two pitch 
cases is shown in Fig. 3. It can be observed that the small pitch case is of larger stiffness than the large pitch case. 
This is because contact area is small for the small pitch case and, therefore, the indenting depth of the large pitch 
case is smaller than that of the small pitch case. 
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Fig. 3. Relationship of load versus indenting depths with the two typical pitch cases. 
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(a)                       (b) 
Fig. 4. Relationship of maximum von Mises stress and contact force with the two typical patterned media cases, (a) the small pitch case and (b) 
the large pitch case. 
 
Fig. 4 (a) and (b) shows the maximum von Mises stress under different contact force of two pitch cases. It is 
indicated that for the carbon layer, there is no significant difference between these two cases. However, for the 
magnetic layer, the maximum von Mises stress of the small pitch case reached the yield strength earlier that the 
large pitch case. This is because the contact area of the small pitch case is smaller than that of the large pitch case. 
Therefore, the small pitch case subjects a larger load per square nanometers. 
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(a)                                                                           (b) 
Fig. 5. Contact pressure distribution at the protruded asperity for the small pitch case (a) shallow indentation and (b) deep indentation. 
 
Fig. 5 shows contact pressure distribution in the middle of asperity of the small pitch case. It is indicated that for 
a shallow indentation (d=0.25 nm), the contact pressure distribution is similar to the profile predicted by the Hertz 
theory. However, increasing the indentation depth causes the maximum contact pressure to shift toward the edge of 
the contact area. Further increase of the indentation depth produces pressure spikes at the edges of the contact area 
because of the development of a plastic zone in the second soft layer. 
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(a)                                             (b) 
Fig. 6. Contact pressure distribution at the second asperity for the bit recession case (a) Shallow indentation, and (b) deep indentation. 
 
Contact pressure distribution at the middle asperity of the large pitch case is shown in Fig. 6. It is indicated that 
for the shallow indentation, increasing the indentation depth causes the maximum contact pressure growing bigger, 
similar to the small pitch case. Further increase of the indentation depth produces two small pressure spikes at the 
edges of the contact area because of the development of a plastic zone in the second soft layer.  
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4. Conclusion 
In this study, a contact analysis of the HDI is performed. The patterned media surface is approximated by a 
sinusoidal curve. The finite element results for the contact pressure at elastic-plastic asperity contact and subsurface 
stress are presented. Two typical pitch cases, the small pitch case and the large pitch case are studied. Based on the 
presented results and discussion, the following main conclusions can be drawn. 
(1)The small pitch case is of larger stiffness than the large pitch case. 
(2)For carbon layer, there is no significant difference of the maximum von Mises stress distribution between these 
two cases. However, for magnetic layer, the maximum von Mises stress of the small pitch case reached the yield 
strength earlier that the large pitch case. This is because the contact area of the small pitch case is smaller than that 
of the large pitch case. 
(3)For the contact pressure distribution in the middle of asperity, the two typical pitch cases are similar. In the 
shallow indentation (d=0.14 nm) stage, the contact pressure distribution of the two typical pitch case is similar to the 
profile predicted by the Hertz theory. However, increasing the indentation depth causes the maximum contact 
pressure to shift toward the edge of the contact area. Further increase of the indentation depth produces pressure 
spikes at the edges of the contact area.  
References 
1. T. Ishida, O. Morita, M. Noda, S. Seko, S. Tanaka, and H. Ishioka, “Discrete Track Magnetic Disk Using Embossed Substrate,” IEICE 
Trans. Fundamental E76-A(7) (1993) 1161-1163. 
2. M. Duwensee, S. Suzuki, J. Lin, D. Wachenschwanz, and F. E. Talke, “Simulation of the Head Disk Interface for Discrete Track Media,” 
Microsyst Technol. 13 (2007) 1023-1030. 
3. J.  H. Li, J. G. Xu, Y. Shimizu, “Performance of Sliders Flying Over Discrete-Track Media,” ASME J Tribol. 129(4) (2007) 712-719. 
4. M. Duwensee, S. Suzuki, J. Lin, D. Wachenschwanz, and F. E. Talke, “Direct Simulation Monte Carlo Method for the Simulation for 
Rarefied Gas Flow in Discrete Track Head/Disk Interfaces,” ASME J. Tribol. 134 (2009) 012001-1-7. 
5. X. M. Yang, S. G. Xiao, W. Wu, Y. Xu, K. Mountfield, R. Rottmayer, K. Lee, D. Kuo, and D. Weller, “Challenges in 1 Teradot/in.2 Dot 
Patterning using Electron Beam Lithography for Bit-Patterned Media,” J. Vac. Sci. Technol. B: Microelectronics and Nanometer Structures 
25(6) (2007) 2202-2209. 
6. K. Komvopoulos, “Head-Disk Interface Contact Mechanics for Ultrahigh Density Magnetic Recording,” Wear 238(1) (2000) 1-11. 
7. E. R. Kral, K. Komvopoulos, and D. B. Bogy, “Elastic-Plastic Finite Element Analysis of Repeated Indentation of a Half-Space by a Rigid 
Sphere,” J. Appl. Mech., 60(4) (1993) 829-841. 
8. R. B. King, “Elastic Analysis of Some Punch Problems for a Layered Medium,” Int. J. Solids Struct. 23(12) (1987) 1657-1664. 
9. K. Komvopoulos, “Finite Element Analysis of a Layered Elastic Solid in Normal Contact with a Rigid Surface,” ASME J. Tribol. 110(3) 
(1988) 477-485. 
10. K. Komvopoulos, “Elastic-Plastic Finite Element Analysis of Indented Layered Media,” ASME J. Tribol. 111 (1989) 430-439. 
11. D. Berthe, and Ph. Vergne, “An Elastic Approach to Rough Contact with Asperity Interactions,” Wear 117(2) (1987) 211-222. 
12. K. Komvopoulos, and D. H. Choi, “Elastic Finite Element Analysis of Multi-Asperity Contacts,” ASME J. Tribol. 114(4) (1992) 823-831. 
13. Z. Q. Gong, and K. Komvopoulos, “Effect of Surface Patterning on Contact Deformation of Elastic-Plastic Layered Media,” ASME J. 
Tribol. 125(1) (2003) 16-24. 
14. C. D. Yeo, and A. A. Polycarpou, “Elastic Contact Behavior of Patterned Media Accounting for Softer Magnetic Layer Stack 
Deformation,” EHDR INSIC Quarterly Meeting March 5-6, 2007. 
15. C. D. Yeo, and A. A. Polycarpou, “Parametric Study to Improve Contact and Wear Performance of Discrete Track Recording Media,” 
EHDR INSIC Quarterly Meeting March 5-6, 2007. 
16. S. K. Yu, B. Liu, W. Hua, W. D. Zhou, and C. H. Wong, “Dynamics of Fly-Contact Head Disk Interface,” IEEE Trans. Magn. 44(11) 
(2008) 3683-3686. 
17. B. Liu, M. S. Zhang, S. K. Yu, W. Hua, Y. S. Ma, W. D. Zhou, L. Gonzaga, and Y. J. Man, “Lube-Surfing Recording and Its Feasibility 
Exploration,” IEEE Trans. Magn. 45(2) (2009) 899-904. 
18. R. R. Katta, E. E. Nunez, A. A. Polycarpou, and S. C.  Lee, “Plane Strain Sliding Contact of Multilayer Magnetic Storage Thin-Films using 
the Finite Element Method,” Microsyst. Technol. 15(7) (2009) 1097-1110.  
19. S. N. Shen, B. Liu, S. K. Yu, and H. J. Du, “Mechanical Performance Study of Pattern Media-Based Head-Disk Systems,” IEEE Trans. 
Magn. 45(11) (2009) 5002-5005. 
 
 
